Introduction
Biodegradable polymeric stents constitute an alternative to permanent metallic stents to overcome long-term problems, e.g. stent thrombosis or incomplete revascularization. Besides magnesium, polymeric materials play an important role in current research. Because of the inferior biomechanical properties of polymers in contrast to metallic materials, the designs of polymeric stents have to be adapted properly. In this finite element analysis (FEA) of a coronary stent made of a PLLA-based polymer blend different modifications of a slotted tube design are compared. Therefore, the maximum von Mises equivalent stresses after expansion and recoil, the maximum equivalent plastic strain and the elastic recoil are determined.
Methods
For the investigation of stent deployment and recoil behavior of a coronary polymeric stent (slotted tube, nominal diameter: 3.0 mm) made of a PLLA-based polymer blend material, a two-dimensional CAD model of a section with three stent segments was developed. The analysis of the impact of different design parameters was performed with a coronary version of the CORMERIC stent design (University of Rostock) [1] , as well as variations of this design with modified strut width b, slot width s and radius size r (see Fig. 1 , Table 1). For the FEA the uncoiled stent segments were modeled as isotropic shells (9 layers) in Abaqus/CAE. The meshes of the different models consisted of approx. 4500-8000 S4R-elements with a consistent mesh density. The load cases of stent deployment (from 1.4 to 3.0 mm) and elastic recoil were simulated with appropriate boundary conditions in a non-linear static calculation. In all model variations the maximum von Mises equivalent stresses at the end of the expansion and recoil load case, the maximum equivalent plastic strain and the values of the recoil were compared. The employed material properties were obtained from experimental data of uniaxial tensile tests. For purposes of simplification a linear-elastic, plastic material relation with isotropic hardening was assumed. A Young's modulus of 1492 MPa and Poisson's ratio of 0.45 (nearly incompressible in the plastic range), as well as the stress-strain data shown in Fig. 2 were used. 
Results
The distribution of the von Mises equivalent stress and equivalent plastic strain after stent deployment in the basic model is exemplarily shown in Fig. 3 . It is becoming clear that in consequence of high tensile loads maxima of stresses and strains appear in the smaller radii. Fig. 4 displays a decrease of the maximum stresses after deployment and maximum plastic strains with a reduction of strut width, with an increase of slot width and with radius size. The maximum values for the von Mises equivalent stresses after recoil range between 26 and 33 MPa. In the model with half the strut width the value rose to approx. 56 MPa. The experimental tensile strength of 198.84 MPa and elongation at break of 1.706 were not exceeded in any design variation.
Comparing the values for the elastic recoil in the different design modifications (see Fig. 5 ) the results showed a reduction of the recoil with decreasing strut width and increasing slot width. An enlargement of the radii results in an increase of the elastic recoil. 
Discussion
The decrease of the strut width -directly or indirectly by increasing the slot width -results in a reduced maximum von Mises equivalent stress and equivalent plastic strain, as well as in a reduction of elastic recoil. Enlargement of the radii also yield smaller maximum values for stresses and plastic strains, but an increase of recoil. In conjunction with an increasing slot width (variation s2-r3) a compromise based on decreased values of maximum stresses and acceptable recoil values could be found. To completely evaluate the applicability of the design modifications the radial strength of the stent is of crucial importance. Future studies with three-dimensional analyses of stability and collapse behavior are necessary. Model variation
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